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The aim of this work was to determine whether
human resistance to Schistosoma mansont was as-
sociated with increased antibody reactivity to cer-
tain larval surface Ag. To this end, young residents
of a hyperendemic area were selected for their low
or high susceptibility to reinfection after parasito-
logic cure, and the reactivity of their sera to individ-
ual larval surface Ag was determined at different
times before and after treatment. The data showed
that six Ag: 202, 165, 90 to 92, 85, 72, and 37 kDa
are the principal targets on the larva of lgG in the
sera of resistant subjects. The comparative study,
by immunoblotting and ELISA on purified Ag, of the
sera from high and low susceptibility subjects indi-
cates that lgG reactivity toward the 37-kDa Ag may
be associated with resistance. This work and ongo-
ing vaccination trials cai'Tied out in mice suggest
that the 37-kDa Ag may have vaccinating poten-
tials

soni. Although resistance has long been suspected in
humans living in areas endemic to schistosomiasis, it
was only recently that a study by Butterworth and col-
leagues(24) reported resistance to S. martsont in Kenyan
children. The immunologic response of these children
has been extensively analyzed. These studies failed, how-
ever, to reveal major differences in the immune response
of children with different susceptibilities to infection(24,

Four years ago, we started a similar study in a hyper-
endemic area for S. mansoniin Brazil, where we assessed
the ability of adolescents to resist reinfection following
parasitologic cure with oxamniquine. The aims of that
study were to identify subjects with low or high suscep-
tibility to infection by S. mansoni and to determine
whether the most resistant subjects exhibited enhanced
immunologic reactivity against certain parasite Ag. The
results presented here show marked differences in re-
sistance to infection among adolescents with high levels
of contact with infected waters. Analysis of the schisto-
somular Ag that react with igG in the sera of these
individuals show that a 37-kDa surface Ag reacts pref-
erentially with antibodies in the sera of the most resistant
subjects.

25)

Schistosoma mansoni is a major health problem for a
number of developing countries (1). Eradication of this
parasite by vector control and chemotherapy has been
attempted with some successes. The scaling up of these
programs. however, is faced with numerous difficulties.
and an efficient vaccine would represent a major step
toward the control of this parasitic disease (2 1 1).

With the aim of identifying vaccinating Ag, a number
of studies have been conducted in permissive and non-
permissive animals analyzing animal protective immu-
nity against S. mansoni (reviewed in Reference 12). Sev-
eral groups produced protective mAb or polyclonal anti-
bodies (13 18), which have allowed the identification of
a number of parasite Ag. These have been characterized
and their vaccinating potentials are being tested (1 7, 1 9-
21). Other studies have also identified parasite Ag that
may stimulate protective cell-mediated immunity in ani-
mals [22, 23).

In contrast to progress achieved in animal models, little
is known about human protective immunity to S. man-

MATERIALS AND METHODS

Chemicals

MEM, HEPES, penicillin, and streptomycin. were purchased from
GIBCO (Paisley, Scotland); n-octyglucoside (l-O-n-octyl-P-D-glUCOpyr
anoside). pepstatin, PMSF, a2-macroglobulin, leupeptin, and dithio-
threitol were from Boehringer-Mannheim Biochemicals (Mannheim,
W. Germany); aprotinin, protein A, hemoglobin, Ponceau red stain.
p-nitrophenyl phosphate, and diethanolamine were from Sigma
Chemical Co. (St Louis, MO). The Bolton and Hunter reagent was
from Amersham Corp. (Les Unis, France); x-ray films were from Fugi-
Japan; acrylamide and SDS were from Fluka AG Chemische Fabrik
ICH-9470, Buchs, Switzerland); avidin-coated plates were from Im-
munotech (Marseille, France); mouse monoclonal anti-human lgG
antibodies were from ICN K & K Laboratories Inc. (Eschwege, W
Gemnany); G-25 Sephadex was from Phannacia Fine Chemicals
(Uppsala, Sweden).

Epidemiologic Study
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,.., .-- -''.,--,- -,..-'.... with a spectrophotometer I h later. Results are expressed as the
l"'arustt.plug u incl ' ''"' difference between sample OD and OD of wells reacted with control

gH:l W#WHB11W:l='R=' £r;l=:#==.£U:£l:=!,::1:FH=:':,=E= ?'=1::
allowed the detection of 24 + 3= 8 eggs/g of stool for three exams- soni eggs.

Parasite. The Puerto Rican strain of S. mansont used in this Statistical Analysis

100 UG/ml streptomycin.

n

RESIJLTSE L

Inman.ologtc ana Biochemical Procedures

Tegument extraction. Schistosomular tegument was extracted by
resuspending schistosomula (1 00.000/ml) in I %a n-octylglucoslde
containing 10 mM phosphate buffer (pH, 7.1). 4 mM MgCl2..140 mM
NaCI to which the following protease inhibitors were added just
before use: 50 pM PMSF, 50 pg/ml aprotinin. I pM pepstatin. 20 pg/
ml leupeptin, and 10 pg/ml a2-macroglobulin. After 15 min at 4'C
In the extraction solution, somula bodies were pelleted (800 g. 3 min.
4'C) and the supernatants were centrifuged at 100.000 x G for 35
mln at 4'C. Then the supernatants of ultracentrifugation were stored

Reinlection clfter parasitologtc cure with oxamni-
quine. Oxamniquine treatment caused a marked reduc-
tion of egg excretion in al1 1 15 adolescents we had se-
lected; 92 [80%} of them were totally cured, and 81 out of
these 92 completed all examinations and interviews for
the 4 yr after treatment. In spite of the schistosomiasis
control program enacted in the area (see Materials and
Methods), 48%. 54%, and 68% of these adolescents were
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reinfected within 15, 27, and 43 mo, respectively, post-
treatment(Fig. 1). Subjects excreting more than 200 eggs
represented 5, 9, and 31 % of the adolescents 1 5, 27. and
43 mo post-treatment, respectively, vs 46%u before treat-
ment. Adolescents with heavy infections (>400 eggs/g)
represented O, 2.5, and 16%a of the study subjects at 15,
27, and 43 mo, respectively, vs 29%o before treatment.
Thus. infection levels were low after 15 and 27 mo as
compared with pretreatment levels. Infection intensities
had, however, markedly increased after 43 mo and ap-
proached pretreatment infection levels. This indicates
that the control program (mass chemotherapy+ mollus-
cicide] probably caused a significant reduction in parasite
transmission for the first 2 yr but that parasite trans-
mission reverted to previous high levels during the third
and fourth year of the study.

rrlfZuence ef sex, age, and water contacts on reirlfec-
tion. Reinfection, as assessed by egg excretion or by
prevalence, was not statistically different for boys and
girls 15, 27, and 43 mo after treatment (p = O. 1 , data not
shown). Egg excretion was maximal in the 10- to 13-yr
age group and decreased with age (p = 0.05}, as shown in
Figure 2 with data obtained 43 mo after treatment. The
statistical significance of this association was increased
tp < 0.01) when data from older individuals (aged 20 to
40, n = 15) were included in this analysis. The geometric
mean egg excretion for the individuals older than 17 yr
was 8 to 10 times lower than that in the 10- to I l-yr age
group. The reduction of egg excretion with age did not
merely result from a decrease of water contacts with age
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Figure 2. Influence of age on reinfection 43 mo after oxamniquine
treatment. Results are represented as the geometric mean of indiWdual
egg counts for each age group. Spearman rank conelation tests yield p =
0.05 for the association between egg counts and age for the 10- to 19-
year-old subjects Cn = 81) and p < 0.01 when older subjects (n = 1 5) were
included

TABLE I

rrlfZuertce ef water contacts on postirlfectton egg counts ]5. 27, and 43
nto clfter oxamniquine treatment ':'

Mo after
Treatment

Level of Water Contact
Pb

0.01
0.01

<o .01

15
27
43

Low

<8/64
<8/150
24/ 1 50

Interulediate

<8/160
<8/100
54/330

High

14/270
25/780

250/3600

Results. indicating intensity of infection (eggs/g), are represented as
the median and the maximal egg counts for each water contact group.

Kruskal-W'a.Uis .statistic test.2 Mo nths

before Treatment

for the 10- to 19-yr age group, because there was no
significant association between age and water contacts
for these individuals(data not shown).

The percentage of infected individuals was signifi-
cantly greater (p < 0.01) for adolescents with high water
contact, 15 and 27 mo after treatment, than for those
with low and intermediate water contact. The percentage
of reinfected adolescents was not significantly different
in the intermediate (60%] and high (75%o) water contact
groups 43 mo after treatment. The intensity of reinfec-
tion increased with water contacts 15, 27, and 43 mo
after treatment(Table 1). This finding is also illustrated
in Figure 3 with egg counts 43 mo after treatment: ado-
lescents excreting >25 eggs/g 43 mo after treatment
represented 5, 60, and 73%6 of the subjects in the low,
intermediate, and high water contact group, respectively.
Most subjects with intermediate water contact had low to
medium infections with egg excretion <200 eggs/g; none
excreted more than 400 eggs. In contrast, most infected
adolescents in the high water contact group excreted
>200 eggs/g, and 28% had heavy infections (>400 eggs/

Rein$ecfion in the group o# adoZescenfs tooth high
water contact; euidenceslor dWerent susceptibiZities
to infection. Among the 40 adolescents whose water
contacts were high during the 43 mo of the study, 14 and
6 were reinfected within 15 and 27 mo of treatment,
respectively [during the period of reduced parasite trans-
mission). Infection intensities in 18 of these 20 subjects
increased further during the third and fourth year, and
1 1 of 20 had heavy infections (range 400 to 2600 eggs/g)
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Figure 1 . Egg excretion patterns for the 81study subjects 2 to 2.5 mo
before and 15. 27, and 43 mo after oxamniquine treatment. Only adoles-
cents (aged 10 to 19) who were totally cured by oxamniquine.treatment
were included. Eight eggs/g of stool is the detection threshold of Kato's
method performed on three stool samples.
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Figure 3. Influence of water contact levels on intensity of reinfection

43 mo after oxamniquine treatment. The number of adolescents in each
group was: n ' 14. 1ow water contact; n = 1 5. intermediate water contact;
n = 40. high water contact. Only subjects who did not change water
contact group during the whole study period were included.

after 43 mo. Infection intensities remained low and stable
in two individuals in the third and fourth year(Fig. 4A,
open circles). Nine of the 20 adolescents who were not
reinfected during the period of reduced parasite trans-
mission, in spite of high water contacts, still had negative
stool exams after 43 mo; nine developed low infections
(<150 eggs/g] and two acquired medium level infections
(<300 eggs/g]. These findings are presented in Figure 4A
and B together with pretreatment egg counts. Pallet A
corresponds to adolescents who were reinfected during
the period of reduced parasite transmission. Panel B
represents those who had negative stool examinations
during that same period. Infection intensities before and
43 mo after treatment differ significantly (p < 0.01)
between these two groups of adolescents: the geometric
mean egg counts before and 43 mo after treatment were
8 to 10 times higher in group A than in group B.

Finally. egg counts of these two groups of adolescents
for the whole study period are represented in Figure 5.
Egg counts in groups A and B differed significantly (p <
0.01] at all points, except for 2.5 mo after treatment
when no subject excreted eggs. These results altogether
suggested that these two groups of adolescents have dif-
ferent susceptibilities to infection by S. mansoni.

Figure 6 illustrates further the different susceptibilities
to reinfection among study subjects with observations
made on adolescents from two families. These adoles-
cents had very similar (highs water contacts and had
living habits as similar as it is possible to find in such a
study. Figure 6A shows the egg excretion patterns of two
dizygotic twins (age 1 4), and B represents observations
on two brothers (aged 14 and 15) and one sister (age 1 3).
One child in each family had low or negative egg excretion

<8
2 + 43 2 + z.3

MONTHS before (-) or after (.)
O XAMNIQINE TREATMENT

Figure 4. Infection levels before oxamniquine treatment and 43 mo
after for adolescents with high water contact level (n = 40). Subjects who
were or were not reinfected during the period of lowered parasite trans-
mission(15 to 27 mo post-treatment) are represented in A and B, respec '
tively. Open circles on panel A represent the two individuals with low
and stable infections in the third and fourth year

levels before treatment and for the 43 mo thereafter,
whereas his brother (family A), or his brother and sister
(family £3), was (were) reinfected shortly after treatment
and acquired high infections. Because two of these chil-
dren (family B) were at risk of developing hepatospleno-
megaly, they were treated again with oxamniquine 2 yr
after the first drug administration; nevertheless, these
children developed heavy infections within 16 (Fig. 6B)
and 22 mo(data not shown) of this second treatment.

Schistosomutar surface Ag identgied by sera./rom
suZZjects with tow susceptibility to irlfection. One aim
of this study was to determine whether the most resistant
subjects had developed enhanced immunologic reactivity
to certain S. mansoni Ag. Because studies in vitro and in
laboratory animals have shown that schistosomula are
likely to be a major target for antibody mediated protec-
tive immunity (reviewed in Reference 12), we assessed
the reactivity of adolescent sera against larval Ag. In
another study, to be published elsewhere, we observed
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OXAMNIQUINE and high susceptibility to infection were defined in Figure
4A and B and in Figure 5. Living schistosomula, labeled
with the Bolton and Hunter reagent, were reacted at 4'C
with sera from three subjects with low susceptibility to
infection; unbound antibodies were washed out and the
surface bound Ag-antibody complexes were extracted
and precipitated with protein A. The precipitated Ag were
characterized by acrylamide gel electrophoresis and au-
toradiography. This procedure identified several larval
Ag with apparent molecular masses of 37, 41 , 47, 52, 54,
72, 85, 90, 92, 135, 165, 202 kDa and a high molecular
mass component that barely entered the gel (Fig. 7).

Then the reactivities for larval Ag of sera from subjects
with different susceptibilities to infection were compared
by immunoblots. Figure 8 shows two representative im-
munoblots that were reacted with sera collected 2 mo
before(A) and 15 mo after (B] treatment. Boxes on the
top of the gels indicate the susceptibility of the serum
donors, open for low, closed for high susceptibility. Be-
cause certain subjects changed water contact groups dur-
ing the study, their susceptibility to infection could not
be defined [strips without boxes]. Most immune sera re-
acted with a large number of schistosomular Ag in the
30- to 200-kDa range. Most of the bands on the blots
conesponded in molecular mass to surface Ag identified
in Figure 7, in particular, the dense bands 202, 165, 90
to 92, 85, 72, and 37 kDa. The Ag 202, 165, 85, 72, and
37 kDa reacted with sera of at least 30%a of the most
resistant subjects and were selected for further analysis
IFig. 9). Sera reacting with the 165-kDa Ag also reacted,
although in some cases less strongly, with the 202-kDa
Ag and several minor bands wi;th apparent molecular
mass in the 120- to 220-kDa range; experiments in prog-
ress indicate that these Ag bear cross-reactive determi-
nants and may belong to the same fa;mily of molecules.
Because sera reactivity against minor bands cannot be
accurately assessed on immunoblots we only analyzed
sera reactivity against the two major 202- and 165-kDa

Two Ag, 165 and 37 kDa, reacted with sera of >80% of
the most resistant individuals and therefore represent a
major target on schistosomula for igG antibodies in these
resistant individuals. The 72- and 85-kDa Ag reacted
with the sera of 30 to 60% of these same individuals.
Comparison of the pattern of reactivity of the most re-
sistant and susceptible individuals shows that reactivity
toward the 37-kDa Ag is associated (p < 0.005) with
resistance because sera from 80 to 90%o of the most
resistant subjects reacted with this Ag v;s 14 to 33%u for
the most susceptible individuals.

Sera reactivities to Ag 37, 72. and 165 kDa were also
assessed by ELISA. Somular Ag were electroeluted from
acrylamide gels, biotinylated, and reacted with avidin
coated plates. These plates were used to titrate lgG anti-
bodies in adolescent sera taken 15 and 43 mo after
treatment (Fig. 1 0): no marked differences were observed
between sera from the most resistant and the most sus-
ceptible subjects when titrated on plates coated with Ag
72 and 165 kDa. Although sera taken 15 mo post-treat-
ment from the most resistant subjects were on average
more reactive to the 72 kDa Ag than sera from the most
susceptible subjects (p - 0.05), this difference was of
sma[[ magnitude and was no longer observed with sera
taken at 43 mo. ELISA was less sensitive than immuno-

Ag
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MONTHS AFTER OXAMNIOUiNE TREATMENT
Figure 5. Egg excretion of the low and high susceptibility groups 2 mo

before oxamniquine treatment and for the 43 mo after. The two curves
differ significanUy 2 mo before and 15, 27, and 43 mo after treatment (p
< 0.01 Kruskal-'Wallis statistic test).
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Figure 6. Susceptibility to reinfection after oxamniquine treatment

among adolescents with comparable high water contact levels- Data from
two ma]e twins (aged 14), two brothers. and one sister (aged 13. 14. 15]
are represented on A and B, respectively. Oxamniquine treatments are
indicated by arrolos.

no marked differences in the igG antibody response of
the most resistant and susceptible subjects when the sera
were titrated by ELISA on schistosomular total meme
brane extracts. Because this approach may detect anti-
bodies against the most abundant or the dominant Ag in
the extracts, we also detennined sera reactivity by meth-
ods allowing a separate evaluation of sera reactivity to
the different schistosomular Ag. Adolescents with low

W
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Figure 7. Schistosomular sudace Ag
Identified by lgG from the most resistant
subjects. Larvae labeled with the Bolton
Hunter reagent were reacted with a 1/20
dilution of normal human serum [NllS) or
sera from three resistant subjects (/.HS)
for 12 h at 4'C. The ]aivae were then
washed three times and the larval bound
immunocomplexes were extracted in 1%o

Nonidet P-40 with protease inhibitors and
precipitated w:ith protein A Coupled to
sepharose beads. The precipitates were
characterized by electrophoresis on 7.5%
acrylamide gels and autoradiography.
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blots to detect antibodies to the 165-kDa Ag, possibly
because of the low amount of Ag bound to the plates (IO
to 50 times less than the amount bound to nitrocellulose)
or because of modifications of certain epitopes by bio
tinylation.

Eight of 1 1 sera taken at 15 mo. and seven of 10 sera
taken at 43 mo after treatment. from a total of 19 adoles-
cents with low susceptibility to infection reacted strongly
in ELISA with the 37-kDa Ag, whereas only one serum
from 20 subjects with high susceptibility to infection
exhibited a similar reactivity. Fourteen of 1 9 sera taken
at 15 mo, and nine of 10 sera taken at 43 mo, from a
total of 20 susceptible subjects, yield values within 2 SD
of the values obtained with control sera.

Thus the results of ELISA confirmed the observations
made on immunoblots and showed that sera from sub-
jects with low susceptibility to infection demonstrate a
higher igG reactivity to the 37-kDa Ag than sera from
individuals with high susceptibility.

after 15 to 20 yr of age that is not fully accounted for by
a reduction in water contact levels at this age (40, 41); 21
the low occurrence of acute schistosomiasis among resi-
dents and its frequent occunence together with heavy
infections among immigrants recently settled in the in-
fected area (41); 3) the differences in reinfection inten-
sities, after treatment, among subjects with apparently
similar habits with regard to infected waters (42).

Adolescents (aged 1 0 to 19) were selected for this study
because this age period was likely to be a critical transi-
tion period for the development of resistance to S. man
soni, increasing the probability of encountering within
the same age group subjects differing markedly in their
ability to resist reinfection. Moreover, this age group
develops the most severe infections and therefore runs
the higher risks of developing hepatosplenomegaly (43,
44), allowing for the analysis of relationships between
the mechanisms of resistance and those involved in the
pathogenesis of severe schistosomiasis.

These adolescents were treated with oxamniquine to
eliminate established infections. The effectiveness of
this treatment, comparable with that reported in a pre-
vious study (45), was tested 2 to 21/2 mo later. This length
of time was sufficient to detect worms that would have
been temporarily "silenced" and not destroyed by the
drug. These adolescents were then followed for up to 43
mo with periodic stool examinaUons and assessments of
their water contact levels. Any subjects excreting more
than 400 eggs/g were given oxamniquine.

As expected from previous studies in the same area.
the chemotherapy and snail control program did not in-
terrupt parasite transmission: half of the adolescents

DISCUSSION

The aim of this study was to assess the susceptibility
to infection by S. mansoni of young residents of a hyper-
endemic area. Our goals were to identify subjects of low
and high susceptibility to infection and, as a long term
prqect, to evaluate the role of acquired immunity in
human protection against S. mansoni.

This study was based on observations made in a hy-
perendemic area f or S. mansonithat suggested that res-
idents develop a certain resistance to infection during
the first two decades of ]ife (39-42]. These observations
included 1) the decrease of egg counts and prevalence
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Figure 8. Western blot analysis of schistosomular Ag with sera from subjects with low and high susceptibility to infecUon Sera were taken either
2 mo before {A) or 15 mo after [B) treatment. Low and high susceptibility to infecUon are Indicated by an open or closed box. respecUvely. Strips
without boxes were reacted w:ith sera of subjects who changed water contact groups during the study.

were reinfected within 15 mo of oxamniquine treatment.
Reinfection could have occurred as early as 3 to 4 mo
after treatment because infection trials carried out with

mice immersed in the river detected infective cercariae
within 3 to 5 mo of the initiation of the program. Infection
intensities remained low and stable for 27 mo and only

K
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Susceptibility to
infection
= High
[:] Low

Three different reinfection patterns were observed

among the adolescents with high levels of water contact:
1) Certain subjects were reinfected during the period of
LP'l'a and acquired heavy infections at the end of the
study, probably during a high parasite transmission

dod. 2) Certain individuals were not reinfected for the
43 mo of the study or were only reinfected at low levels.
at 43 mo. 3) Few adolescents had a mixed pattern of
infection; they were infected during the LPT period. Their
egg counts. however, remained low and stable during the
whole duration of the study, suggesting that these sub-
jects were able to control additional infections.

Subjects who showed greater resistance to reinfection
after treatment also had the lowest egg counts before
treatment, whereas those who were reinfected during the
LPT period and acquired heavy infection after 27 mo had
the highest egg counts before treatment. These observa-
tions altogether indicate that these two groups (I and 21
of patients have different susceptibility to infection and
that some resistance had probably developed before the
initiation of this study. It is also possible, however, that
susceptibility to reinfection after treatment was influ-
enced by previous infections; i.e., heavy infections could
cause the production of blocking factors f avoring host
reinvasion, as suggested by others (25, 47)

A similar study on Kenyan schoolchildren also showed
marked differences in susceptibility to reinfection among
children living in hyperendemic areas (24). That study
was perf ormed over a 21-mo period with no marked
modification of the condition of parasite transmission,
because only a small fraction of the population was
treated with oxamniquine and no snail control was at-
tempted. The most resistant children had low or negative
egg counts for the 21 mo after parasitologic cure, in spite
of high water contact levels. The most susceptible chil-
dren had egg counts >100 eggs/g (100 to 800) and low to

j4C

100

Ld

8S 72 37 202 165 85 72 37

LJ
>

F-

0
a.

0

60

MW(Kt)): 202 165

40

20

2 MONTHS BEFORE 15 MONTHS AFTER
OXAMNIQUINE

[n treatment; ' p < 0.01 (x ' test)-

< 0.01

increased in the third and fourth year, thus indicating
that parasite transmission was low for the first 25 to 27
mo of the study and increased thereafter

Data in Figure 3 and Table lshow that reinfection
depended markedly on water contact levels confirming
that resistance studies should be performed with subjects
having similar water contact levels. The high water con-
tact group seemed the most suitable for this analysis of
resistance: 1) it was the most homogeneous for water
contacts, 2) frequent exposure to infected waters was
likely to randomize cercarial "challenge" conditions, and
3) previous epidemiologic studies on other parasite dis-
eases have suggested that resistance increases in sub-
jects experiencing the highest rates of parasite challenge

3 Abbreviation used in this paper: LPT, lowered parasite transmission.

Susceptibility to
infection

High
Low

Ag Mw 37 AgMw 72 Ag Mw

Figure ] O. Reactivity of lgC from high
and low susceptibility subjects for Ag 37.
72. and 165 kDa as assessed by ELISA
Plaques were coated with 100 ng/well of 37-
and 72-kDa Ag and 50 ng/well of 165-kDa
Ag. The results represented here were ob-
tained at a ]. :400 dilution of the sera from
19 1ow and 20 high susceptibility subjects
taken 15 and/or 43 mo after treatment.
Results are presented as the difference be-
tween OD4w [sample) and OD.05 (control
sera). Control sera were from two subjects
with no previous contacts with infected
waters. SD on OD measurements made with
control sera vaHed from 0.015 to 0.025.

P <0.(E5

15 Months+

P : 0.005

43 Months

P:0.05

15 Months

P : 0.08

43 Months

P>0.3

15 Months

P >0.3

43 Months

Months after Treatment
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high water contact levels. This differs from our study, in
which the most resistant and susceptible groups had
comparable high water contact levels for reasons men-
tioned above. This may explain why no difference was
observed between pretreatment egg counts of resistant
and susceptible subjects in the Kenyan study(susceptible
children with low water contact may not acquire high
infections].

Because age and water contacts were not associated,
at least for the 10- to 19-yr-old subjects of the study, the
reduction of reinfection intensities with age suggests that
resistance increases with age in the second decade of life.
This was also the conclusion of Butterworth's study (24),
in which a significant age difference between susceptible
and resistant children was shown. We failed, however,
to observe a significant age difference between the most
resistant and susceptible adolescents; moreover, the data
did not show an increase in resistance in the most sus-
ceptible group of subjects for the 4 yr of this study. This
may indicate that resistance develops very slowly in these
adolescents.

Although no conclusive evidence of protective acquired
immunity has been reported in humans, it is generally
thought that concomitant immunity produced by estab-
lished, egg-laying infections plays an important role in
human protection against S. mansoni (48-50]. This
study shows that a number of subjects resisted reinfec-
tion and had negative stool examinations for the 43 mo
of this study. This indicates that effective human resist-
ance to S. mansoni probably does not necessarily involve
concomitant immunity-like mechanisms. This raises the
possibility that aborted infections may be a sufficient
stimulus to maintain resistance in certain subjects, as it
has been reported in animal models vaccinated with
inadiated cercariae (51 and reviewed in 12).

Animal studies and in vitro work with human material
have shown that lgG and lgn antibodies, together with C
or cytotoxic effector cells, take a significant part in the
protection of animals against S. mansoni and could play
a role of equal importance in humans (12, 41). Those
studies have also shown that the young larvae of S.
martsont are very susceptible to antibody-mediated im-
mune attack. For these reasons, we have analzyed the
anti-schistosomular lgG and lgE antibody response of the
most resistant and susceptible subjects. We reported here
our findings on lgG antibodies: lgG in the sera of 30% or
more of the most resistant subjects reacted with five
schistosomular Ag 202, 165, 85, 72, and 37 kDa that
were located on the surface of the larva and were bound
by lgG on the intact schistosomula. These results were
obtained with sera taken before treatment as well as 15
and 43 mo after treatment. As also noticed by Butter-
worth et al. in their study (24), the most resistant subjects
who excreted no eggs for 43 mo after drug administration
maintained high levels of antibodies against the larvae
(this study and manuscript in preparation); this confirms
that these individuals were regu]ar]y boosted by cercaria]
challenge.

Sera from susceptible subjects also reacted with the
five Ag identified by the sera from the most resistant
subjects on schistosomula. However, the proportion of
sera from the most susceptible patients that reacted with
the 37-kDa Ag in Western blot was significantly (p <
0.01) lower than for the sera from resistant subjects, i.e..

14 vs 80%n, 15 mo after treatment. This finding was
confirmed by ELISA using plates coated with the 37-kDa
Ag electroeluted from acrylamide gels. These Ag prepa-
rations yield only one band when rerun on an acrylamide
gel, and sera of mice immunized with three distinct 37-
kDa Ag preparations reacted with only one band(37-kDa)
on Western blots with schistosomular extracts and pre-
cipitated a 37-kDa Ag labeled by Bolton Hunter reagent
on living schistosomula (data not shown). ExpeHments
are presently being carried out to determine whether
most "susceptible" subjects fail to produce high levels of
igG antibodies against the 37-kDa Ag or whether their
sera contain specific factors that interfere with their
detection by Western blott:ing and ELISA. It is unlikely,
however, that immunocomplexes trapped igG anti-37-
kDa Ag in sera of susceptible subjects because sera taken
15 mo post-treatment, when infection intensities were
low, did not show higher lgG reactivity against this Ag

Several groups have described mAb directed toward a
38-kDa schistosomular surface Ag and capable of par-
tially protecting mice or rats against S. mansoni infection
j15, 16, 52, 53). Dalton et al. have also identified a 38-
kDa Ag as a likely target of protective immunity in mice
vaccinated with irradiated cercariae (54). More recently,
blocking antibodies against the 38-kDa Ag that react with
mAb have been detected in the sera of susceptible Ken-
yan children [47). We are presently testing whether the
Ag identified in this study and the Ag identified by mAb
are different or are the same molecule. We know already
that the 37-kDa Ag does not disappear during parasite
development and is synthesized by adult schistosome.
Preliminary observations indicate that mice immunized
with this purified Ag are less susceptible than control
animals to infection by cercariae.
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